Early care provided by nephrologists prior to dialysis initiation may improve treatment outcomes of patients who approach end-stage renal disease (ESRD). Early nephrology care may attenuate or control complications of reduced kidney function, which are significant risk factors for morbidity and mortality among patients progressing to ESRD and later initiating dialysis. 1 Patients receiving early nephrology care prior to dialysis initiation may also get timely counseling about dialysis modality and receive dialysis access placement, which may bring better dialysis outcomes. 2, 3 Previous studies suggest that ESRD patients receiving nephrology care late may have higher mortality after starting the dialysis. 4, 5 A large number of ESRD patients, however, do not receive early nephrology care defined as visiting a nephrologist more than 3 or 4 months prior to dialysis initiation. 6, 7 Little research has examined factors affecting early nephrology care among patients who lose kidney function progressively and later start dialysis therapy. Two studies have investigated factors associated with late nephrology care. One study indicated that patients first visiting a nephrologist less than 4 months before starting dialysis tended to be black, uninsured, or have severe comorbid conditions. 8 Another study investigated 3014 Medicare/Medicaid patients in New Jersey who started dialysis in the early 1990s. Patients older in age or of a race other than white or black were more likely to visit a nephrologist first less than 90 days prior to dialysis initiation, whereas patients having hypertension and diabetes were less likely to get late referral. 9 Thus, demographic factors and chronic conditions appear to contribute to patients' seeking and receiving early specialty care from nephrologists.
However, factors related to local access to physicians may also have a significant influence on whether patients with progressive kidney disease visit a nephrologist well before initiation of ESRD care, and few studies have explored the impact of these physician access variables. This study was designed to investigate if physician access factors influence early nephrology care prior to hemodialysis initiation among elderly ESRD patients, the fast-growing part of the US ESRD population.
RESULTS
We identified 66,021 patients who were 67 þ years old upon dialysis initiation in the years 1996-1999 in the United States and who received physician services for disease evaluation and management between 24 and 4 months prior to dialysis initiation. Among the study subjects, approximately 32.17% of patients received early nephrology care defined as visiting a nephrologist between 12 and 4 months prior to dialysis initiation. Male patients accounted for 48.96% of the study sample whose median age was 75.95 years. Nearly 59.25% of patients were diagnosed with chronic kidney disease identified from Medicare claims between 24 and 4 months prior to dialysis initiation. On the basis of Medicare claims data, the majority of these elderly patients were treated for at least 1 of the 10 comorbidities of chronic kidney disease during the period between 24 and 13 months prior to dialysis initiation. The common comorbidities and their prevalence in the study cohort were hypertension (74.75%), diabetes (61.90%), congestive heart failure (43.72%), anemia (39.44%), peripheral vascular disease (17.62%), cancer (16.15%), cerebrovascular disease (12.16%), myocardial infarction (5.75%), chronic obstructive pulmonary disease (3.58%), and paralysis (1.83%). There was significant variation in patients' access to practicing non-nephrologist physicians and nephrologists in a local area defined as 30 miles within the centroid of a patient's residence Zone Improvement Plan (ZIP) code, the postal code used by the US Postal Service. Patients' access to local physicians was measured with three variables, non-nephrologist physicians per 10,000 population and nephrologists per 1000 prevalent elderly ESRD patients in a local area as well as the distance to the nearest nephrologist.
There were significant variations in patient characteristics between the group receiving early nephrology care and the group not receiving early nephrology care. Univariate analyses showed that patients who were male or who had 1 of the 10 common comorbidities except myocardial infarction, chronic obstructive pulmonary disease, and paralysis were more likely to visit a nephrologist for disease evaluation and management between 12 and 4 months prior to dialysis initiation than were females or patients without preexisting comorbid conditions. Patients having suffered from chronic kidney disease had a greater chance of receiving early nephrology care. Patients older than 76 years were less likely to receive early nephrology care compared with patients aged 67-76 years. w 2 tests also indicated that there were substantial variations in the use of early nephrology care among patient groups defined by race, non-nephrologist physician visits, hospitalization between 24 and 13 months prior to dialysis initiation, patients' residence area characteristics, and three physician access-related variables, non-nephrologist physicians per 10,000 population, and nephrologists per 1000 prevalent elderly ESRD patients in a local area as well as the distance to the nearest nephrologist (Table 1) .
Multivariate logistic regressions were developed to examine if physician access factors influence the use of early nephrology care prior to dialysis initiation. Table 2 lists the major results of a logistic regression model in which patients were grouped based on the quintiles of non-nephrologist physicians per 10,000 population and nephrologists per 1000 prevalent elderly ESRD patients in the study sample as well as other covariates. Patients living in an area with a greater number of non-nephrologist physician density per 10,000 population were less likely to receive early nephrology care compared with patients living in areas with a small number of non-nephrologist physicians. Patients residing further away from a nephrologist tended to have a lower odds ratio of receiving early nephrology care. Compared with patients whose residence was less than 4 miles away from a nephrologist, patients living from 10 to 20 miles, from 20 to 30 miles, from 40 to 50 miles, and more than 60 miles away from a nephrologist had a significantly smaller odds ratio of receiving early nephrology care. Patients residing in areas with more nephrologists per 1000 prevalent elderly ESRD patients had a significantly greater odds ratio of receiving early nephrology care prior to dialysis initiation ( Table 2) .
The associations between control variables and the use of early nephrology care were also explored. Male patients had a greater odds ratio of receiving early nephrology care. Patients who were black or older than 76 years had a lower likelihood of receiving early nephrology care, compared with white patients or patients aged 67-76 years. Patients with chronic kidney disease or suffering hypertension, anemia, or peripheral vascular disease were at a greater chance for early nephrology care, compared with patients without chronic kidney disease or any of the comorbidities. Patients who had congestive heart failure or myocardial infarction, received more non-nephrologist physician visits or got hospitalized between 24 and 13 months prior to dialysis initiation, were less likely to receive early nephrology care, compared with patients who had no comorbidities and who received no non-nephrologist physician visit or hospital admission. Comparison with patients living in rural areas or areas with very low median household income, patients living in a freestanding Metropolitan Statistical Area (MSA) with a population between 50,000 and 1 million or areas with higher median household income were more likely to receive early nephrology care prior to dialysis initiation (Table 2) .
Two more logistic regression models defined using the deciles or semideciles of non-nephrologist physicians per 10,000 population and nephrologists per 1000 prevalent elderly ESRD patients, respectively, as well as other covariates were constructed. The main results of the two models were similar to those of the first model. However, in the patient groups classified using the distance to the nearest nephrologist in the two models, only patients living from 10 to 20 miles and from 20 to 30 miles away from a nephrologist had a significantly lower odds ratio of receiving early nephrology care compared with patients living less than 4 miles away from a nephrologist.
DISCUSSION
A patient's choice of visiting a nephrologist prior to dialysis initiation is a complex decision process involving the patient, the nephrologist, and/or the non-nephrologist physician. In a fee-for-service system like Medicare Part A and Part B coverage in the United States, a patient can visit a nephrologist directly or make a decision after being referred by a non-nephrologist physician. Self-referral may also be an approach for seeking nephrology care in the fee-for-service system. To better define the specialty care provided by nephrologists for evaluating and managing patients' chronic conditions, we recommend using nephrology care instead of nephrology referral, which may not account for all the cases of nephrologist visits in the fee-for-service system. We used early nephrology care to denote a nephrologist's visit during an early time period prior to dialysis initiation instead of early nephrology referral, which was often used in previous literature. 6, 7, [10] [11] [12] Little consensus on specific referral criteria regarding early nephrology care for patients approaching ESRD exists.
12 A patient's clinical condition and other characteristics may prompt him/her to visit a nephrologist instead of a nonnephrologist physician during an early time period prior to dialysis initiation. Physician access factors may also impact the patient's choice of seeking early nephrology care. Limited access to nephrologists may be a cause of not receiving early nephrology care prior to dialysis initiation. A visit to a nephrologist may involve excess traveling and waiting time due to the limited number of nephrologists practicing within a local area. Patients living in areas with fewer nephrologists have to weigh the decision of visiting a nephrologist for the surrogate care owing to the access-related costs incurred from obtaining an appointment with the specialist. The more nephrologists there are in a local area, the greater will be the probability that an elderly patient will have visited the specialist. Non-nephrologist physicians may also play a significant role in patients' choices to seek early nephrology care. It has been suggested that non-nephrologist physicians of whom primary care physicians are the major part may be concerned about losing patients as well as potential income when making a nephrology referral, especially if they practice in areas with a high physician density. 6, 13 Patients in an area with more non-nephrologist physicians may be less likely to get a referral from the doctors who face more competitive pressure and thus may worry about losing further patient visits as patients' deteriorating conditions approach ESRD for potential nephrology care, as suggested by other scholars. 13 Geographic distance to a nephrologist may be a determinant for the use of early nephrology care.
14 Patients living in an area far away from a nephrologist have to spend more traveling time to visit a nephrologist's office. Patients residing much further away from a nephrologist may be reluctant to spend even more time for a nephrologist appointment. Conversely, they may have a higher likelihood of being referred by local non-nephrologist physicians who may not treat a nephrologist practicing much far away as a competitor in the local physician service market. This may explain why only patients who reside relatively far away from a nephrologist in this study are less likely to receive early nephrology care prior to dialysis initiation.
Some limitations of the study need to be discussed. Three physician access variables in the study were computed with Medicare claims of elderly ESRD patients. Because it is not possible to count all prevalent ESRD patients in a local area with Medicare claims data, the number of prevalent elderly ESRD patients was taken as a denominator to measure the availability of nephrologists in the local areas, especially in areas where a number of nephrologists practiced. In some areas where elderly ESRD patients were not the major portion of the prevalent ESRD population, the availability of nephrologists in the areas might be overestimated with the number of nephrologists per 1000 prevalent elderly ESRD patients. In the late 1990s, the number of elderly ESRD patients was growing fast and becoming the major part of the ESRD population. The number of nephrologists per 1000 prevalent elderly ESRD patients may still capture to a large degree the availability of nephrologists practicing in the local areas.
Similarly, the number of non-nephrologist physicians per 10,000 population in a local area was taken to measure the availability of non-nephrologist physicians competing with nephrologists for patients. The number of non-nephrologist physicians was also identified with Medicare claims of elderly ESRD patients. Non-nephrologist physicians who did not examine elderly ESRD patients but practiced in a local area were not counted. In some areas where only a small number of elderly ESRD patients visited non-nephrologist physicians, the number of non-nephrologist physicians in those areas might be underestimated. However, this study aims to explore the impact of non-nephrologist physicians competing with nephrologists for elderly patients. The non-nephrologist physicians examining elderly ESRD patients are more likely to be doctors who are competing with nephrologists for patients with chronic kidney disease. Thus, the underestimated problem of non-nephrologist physicians in local areas might have little impact on the estimation of early nephrology care.
Confounding factors associated with both early nephrology care and physician access factors may not be fully addressed in the research. Even though chronic kidney disease and its common comorbidities were controlled in the study, patients' disease severity, one of the important confounders, may not be measured accurately from claims data. Identifying chronic kidney disease on the basis of International Classification of Diseases, Ninth Revision codes is only a complementary approach when glomerular filtration rate cannot be generated from claims data. Chronic kidney disease in this study may be underestimated from Medicare claims. 15 The same limitation may also exist in identifying comorbidities from claims data. 16 Even if comorbidities of chronic kidney disease could be identified reliably from Medicare claims, patient groups receiving and not receiving early nephrology care may differ significantly in other clinical conditions that cannot be observed. For example, in patients suffering from anemia, the common complication of chronic kidney disease, may have varied hematocirt/hemoglobin levels and other related conditions, which may affect their likelihood of receiving early nephrology care. In addition, non-nephrologist physician visits and hospitalization may be significantly correlated with physician access factors and early nephrology care. Controlling those variables in the regression models may not sufficiently reduce the confounding problem in the study estimating the effects of physician access factors on early nephrology care. Moreover, three area-level control variables including the median household income level, percentage population below the poverty level, and residence area characteristics may not sufficiently capture variations in patients' individual income and other socioeconomic status that may influence the use of early nephrology care. The results of this study based on the data in the late 1990s may not be extrapolated to other time periods in which nephrology referral pattern may change.
In conclusion, elderly ESRD patients' access to local nonnephrologist physicians and nephrologists significantly affect the use of early nephrology care prior to dialysis initiation. Characteristics of patients receiving early nephrology care may differ significantly from those of patients not receiving early nephrology care before initiating dialysis. Clinical outcome studies, which attempt to evaluate the value of early nephrology care prior to dialysis initiation using claims data, need to take into account significant variations in patients' characteristics. To better understand patients' use of early nephrology care prior to dialysis initiation and related outcomes, more studies are needed.
MATERIALS AND METHODS Patient population
This was a retrospective cohort study of patients aged 67 years and above who were started on hemodialysis in the years 1996-1999, who had Medicare Part A and Part B coverage in the fee-for-service system during the 2-year time period prior to hemodialysis initiation, who visited a physician for disease evaluation and management between 24 and 4 months prior to dialysis initiation, and who resided in United States except Alaska, Hawaii, and US territories. Patients who were diagnosed with AIDS/HIV in Medicare claims were excluded from the study. In addition, patients whose residence ZIP codes could not match with the US 2000 Census data were also excluded because their physician access variables could not be created.
Definition of variables
Medicare enrollment files were used to identify patients' coverage in Medicare fee-for-service system in the 2-year time period prior to dialysis initiation. Patients' demographic characteristics were obtained from End Stage Renal Disease Medical Evidence Report (form 2728) data of Centers for Medicare and Medicaid Services (CMS). Patients' initial dialysis modality was identified from United States Renal Data System (USRDS) Modality Sequence files. Early nephrology care and non-nephrologist physician visits were collected from CMS physician/supplier files with the Current Procedural Terminology (CPT) codes specifying face-to-face contact with the patient for disease evaluation and management. 17 Chronic kidney disease and 10 comorbidities of chronic kidney disease were identified from Medicare Part A and Part B claims based on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes and/or CPT codes, as well as Healthcare Common Procedure Coding System (HCPCS) codes.
Patients' access to local physicians was measured with three variables. (a) Non-nephrologist physicians per 10,000 population in a local area, defined as an area within 30 miles of the centroid of a patient's residence ZIP code; (b) nephrologists per 1000 prevalent elderly ESRD patients in the local area; and (c) distance from the patient's residence to the nearest nephrologist. The three access-related variables were computed with longitudes and latitudes of patients' residence and physicians' practicing ZIP codes gathered from Medicare claims of elderly ESRD patients and US 2000 Census data, which also contain the information about patients' residence area characteristics. In all the analyses, patients were stratified into eight groups based on the distance to the nearest nephrologist (o4, 4-10, 10-20, 20-30, 30-40, 40-50, 50-60, and X60 miles) and into groups based on quintiles, deciles, or semideciles of other two physician access variables in the study sample.
To control for the impact of income on access to physician services, patients were stratified into groups based on quartiles of two measures developed by US Census Bureau as follows: (a) median household income and (b) percentage population below the poverty level in 1999. A rural area in this study was defined as an area that was neither a primary MSA with more than 1 million people living in adjacent areas nor a freestanding MSA with 50,000-1 million residents in nearby areas developed by US Office of Management and Budget for federal statistics.
Statistical methods w 2 tests and multivariate logistic regressions were used to identify the effects of physician access factors on early nephrology care prior to hemodialysis initiation. All statistical analyses were performed using SAS 9.0 at the 0.05 level of significance.
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